Twenty-four untrained (UT) males (age 21±2.5 yr, height 1 
Introduction
Warm-up (WU) exercise prior to strenuous physical activity is a generally accepted practice among athletes. Indeed, most athletes incorporate some form of preliminary activity or WU procedure into their training routines, especially if they anticipate a strenuous workout'. Although WU is a simple ergogenic aid, its efficacy is essentially unsubstantiated.
Improved performance resulting from WU exercise has been reported in a number of studies2 6 . Other investigations however demonstrate no such effects7-9.
To date, few experiments have dealt with the effects of WU on high intensity supramaximal exercise which leads to exhaustion in less than one minute. In recent years, the Wingate Anaerobic Test (WT) has been employed by a growing number of laboratories for evaluating the capacity for short-term exhaustive work4' 0-2. To date, only one study has assessed the effects of WU on performance in the WT4. Address 
Methods

Subjects and experimental protocol
Twenty-four UT male students volunteered to participate in this investigation. Prior to their first visit to the laboratory, subjects were advised as to the nature of the experimental protocol but were not informed of the specific purpose of the study. The subjects were led to believe that the study concerned gathering normative data on the WT using two differing protocols. Subjects signed an informed consent form in accordance with the guidelines outlined by the American College of Sports Medicine'. The experimental protocol was approved by the department's ethics committee.
A mechanically-braked Monark 818 cycle ergometer (Watson Victor, Auckland, NZ) was calibrated as previously described'5. It was modified with toe clips, straps, adjustable racing handlebars and racing saddle, and interfaced with an Apple HIE microcomputer. An Optron OPB 125A (TRW, Optron, Auckland, NZ) reflective object sensor was mounted parallel to the ergometer flywheel, and a series of 36 (10 degree intervals) reflective to non-reflective transitions marked on the flywheel. Sample periods of 0.5 s enabled calculation of average flywheel frequency which was subsequently scaled to pedal frequency.
The WT consists of a 30 s exhaustive cycling exercise bout against a resistance determined by the bodyweight and training status of the individual. The validity and reliability of this test have been documented During the WU trial, subjects performed a continuous 8 min incremental exercise bout on a cycle ergometer (cadence 90 rev.min-'). For the first 5 min subjects were asked to cycle at a workload they perceived as 'very, very light'. For the next 2 min they were asked to cycle at a workload they perceived to be 'moderate', and for the final minute at a workload they perceived as 'moderately heavy'.
Subjects were shown how to adjust the resistance settings on the ergometer and were free to alter the workload at will throughout the WU. Upon completion of the WU, subjects dismounted the ergometer and were seated for 4 min. After this rest period, subjects remounted the ergometer and the feet were firmly strapped. Five minutes after the completion of the WU, subjects began pedalling at minimal resistance and gradually increased the cadence to 115-120 rev.min-.
When this cadence was attained, the full load (0.075 kp.kg-bodyweight) was manually applied by an investigator and the computer activated. Subjects were instructed to remain seated and verbally encouraged to maintain maximal pedal rates throughout the test. The time taken to load the subjects was in the order of
Although recent reports"0"8 have shown the optimal force to be higher than originally recommended by the Wingate group, the issue of optimal force settings in the WT has not been fully resolved"7. The choice of load setting in this investigation was based on a pilot study of UT subjects. Further, a similar load has been used in other laboratories'9-2' and permits comparisons with available literature.
During the C trial subjects were given no WU but were required to perform the WT as previously described.
Upon completion of their second trial, all subjects completed a post-study questionnaire to ascertain their perception of the purpose of the study.
Statistical analysis
Data was analysed by a repeated measures analysis of variance (ANOVA) and Pearson Product moment correlations, using the statistical software programme SYSTAT (SYSTAT Inc., Evanston, IL). Results were considered significant where p < 0.05.
Results
The mean (±SD) age (yr), height (m) and weight (kg) of our subjects was 21.0 (±2.5), 1.77 (±0.05), 75.3 (±10.1). Table 1 displays the mean power outputs attained during the WU prior to the WT. The mean power output during the entire eight minutes was 134.7 W (±59.6) and 226.0 W over the last three minutes. These results demonstrate that our task-specific incremental WU did not improve performance in the WT in our UT individuals. This finding contrasts with a previous investigation' which reported a highly sig- suggest that in our UT subjects, glycogen depletion would have occurred during the WU, which may have resulted in the subsequent performance reduction in the WT.
While our study was unable to demonstrate any difference in performance indices of the WT following a WU, further investigations are needed in this area. Our UT subjects were unable to pace themselves effectively on our continuous incremental WU protocol. Future studies are needed to identify more appropriate self-pacing instructions such that subjects will not excessively fatigue themselves during a WU.
Alternatively, if a self-pacing protocol is not employed, the intensity and duration of the WU must be individualized to the particular fitness level of the subject and the anticipated physical task. Investigators should be aware that UT subjects may impair performance in the WT if a WU is too intense.
